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Abstract 

We outline the opportunities for spin physics which are offered by a next 
^ ■ generation and multi-purpose fixed-target experiment exploiting the proton 

LHC beam extracted by a bent crystal. In particular, we focus on the study 
of single transverse spin asymetries with the polarisation of the target. 



1 Introduction 



Fixed-target experiments lead to numerous breakthroughs in particle and nu- 
clear physics. In particular they contributed to the discovery of anomalously 
large single |3J and double-spin correlations in hadron-hadron collisions. 

New opportunities [|3], M are at reach thanks to the LHC beam of 7 TeV 
protons interacting on a fixed target, be it polarised or unpolarised. Such 
opportunities can be studied by a future multi-purpose experiment, thereafter 
named AFTER for "A Fixed- Target ExperRiment" . The LHC proton beam 
colliding on fixed targets releases a cms energy close to 115 GeV, i.e. an 
energy never reached in a fixed-target experiment, between SPS and RHIC. 

One of the essential advantages of a fixed-target experiment is the possi- 
bility to polarize the target (see e.g. ||) to measure Single Spin Asymmetry 
(SSA) in a number of hard reactions. We discuss here the opportunities 
offered by the measurements of such SSAs. 
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2 Beam extraction and target polarisation 



The extraction of beams by means of bent-crystal chanelling offers an ideal 
and cost-effective way to obtain a clean and very collimated beam without 
specific limitation on its energy. This would not alter the LHC beam per- 
formance m f7|. The "smart collimator" solution on the 7-TeV LHC beam 
will be tested by the CERN LUA9 collaboration after the 2013 shutdown [§. 
Another proposal, which deserves to be further investigated, is to "replace" 
the kicker-modules in LHC section IR6 by a bent crystal M. 

A significant fraction of the beam loss can then been extracted, with an 
intensity reaching 5 x 10 8 p + s~ 1 . This corresponds to an average extraction 
per bunch per revolution of mini-bunches of about 15 p + . With typical 
targets, the yearly (10 7 s) integrated luminosities are of the order of an 
inverse fb. For more details, the reader is guided to [|3|. 

Whereas outstanding luminosities can be obtained, the intensity of the 
extracted beam is not extremely large and does not constrain the choice of 
the target polarisation technique. Since the beam is highly energetic, one 
expects a minimum ionisation and a low heating of the target. The heating 
power due to the AFTER beam would be of the order of 50 /xW for a typical 
1 cm thick target. This allows one to maintain target temperatures as low 
as 50 mK. Relaxation times can last as long as one month in the spin-frozen 
mode. As regards the damages on the target, they typically arise after an 
irradiation of 10 15 p + cm -2 || 10], i.e. one month of beam in our case. 



Yet, the available space in the underground LHC complex can be a major 
constraint. This restricts the choice to polarisation by continuous Dynamic 
Nuclear Polarisation DNP or to a HD target |IT| . Both take less space than 
the frozen-spin machinery. CERN has a long tradition of DNP for various 
materials such as NH 3 , Li 6 D ||12|| . Experts of DNP can still be found worlwide, 
whereas HD target makers are more rare. One can cite two groups: one at 
TJNAF (USA) and the other at RCNP (Japan) pj. We are hopeful that 
AFTER will motivate our colleagues working on DNP to revisit the necessary 



technology [ 



3 Physics 

It has recently been re-emphasized that a type of parton distribution func- 
tions, the Sivers functions JT^j, can be accessed in SSAs for hard reactions 
which involve a transversely polarized proton (see e.g. fl6[l ). The Sivers func- 
tions encode information on the correlation between the proton spin and the 
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momentum inside the proton of a parton in the transverse direction. 

As such they are linked to the orbital motion of partons in the po- 
larised nucleon. Such asymmetries have been observed in hadron-hadron 
collisions in forward pion |], [L7|, |18[] and kaon production |DJ at Fermilab 
and Brookhaven. The high energy of the LHC beam combined with a well 
designed detector will open a unique access to the large negative-x^ domain, 
essentially unexplored. In this region, the SSA are sensitive to partons with 
large momentum fractions in the polarised nucleon, x'. This is where one 
expects the largest correlation between the motion of the parton and the spin 
of the nucleon. 

Yet, the Sivers effect for gluons is relatively - if not completely - unknown. 
This calls for the study of SSAs with gluon sensitive reactions, such as prompt 
photons, open and closed heavy flavours. Measurements of SSAs in p^p — > 
jX was suggested more than ten years ago in [ff9] and was shown to be 
sensitive to the gluon Sivers function |2D| for ^/s of the order of 100 GeV, 
where the asymmetry may be as large as 10% Further suggestions to 

look at gluon-sensitive SSAs were expressed: to look for SSA in photon-jet 
production |E| with a constraint on the pseudo-rapidities of both the photon 
and the jet and to look at SSAs in photon-pair production ||23|| . 

We also guide the reader to two recents publication on spin physics with 
AFTER, following our first publications on AFTER |3|, |J . The first is about 
SSA in Drell-Yan reactions [Q as a way to further constrain the quark 
Sivers effect. The second is about the production of spinless quarkonium in 
unpolarised proton-proton collisions as a way to probe the dynamics of 
linearly polarized gluons inside unpolarized protons. 



4 Conclusion 

A fixed-target experiment using the multi-TeV proton beam of the LHC ex- 
tracted by a bent crystal offers outstanding opportunities for spin physics 
at unprecedented laboratory energies and momentum transfers. As we men- 
tioned, the target polarisation at AFTER should not cause any specific diffi- 
culties. Thanks to the extremely high luminosity of the fixed target mode - 
above the inverse femtobarn per year - , single-spin asymetries could then be 
measured with high accuracy, in particular for gluon sensitive probes. This 
would open the path for systematic studies of the contribution of the gluon 
motion to the nucleon spin. 
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